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Abstract —Photosynthesis has been performed in nature for a 
long time, and people had studied it profoundly, with some still left 
unknown, but with the knowledge that we acquired from studying 
the natural process, they formed a blueprint, and some scientists 
had been following that to try to create it artificially, and 
synthesizing some high energy chemicals powered by sunlight. 
Here, in this paper, the process of photosynthesis is discussed in- 
depth, to show its mechanisms and let the reader understand how 
artificial photosynthesis works. This includes the two main ways 
to achieve artificial photosynthesis, one more common and 
another more similar to the plant's way of achieving it. In the end, 
an envision of the society with this technology and what changes it 
will bring to the society is shown. 


Introduction 

RITIFICIAL Photosynthesis is the replicated process of 
trying to synthesize high-energy chemicals using a similar 
light-powered path like what plants do. This can help with food 
production or fuel production while using a clean source of 
energy and removing carbon dioxide in the atmosphere. This 
paper reviews some mechanisms of Photosynthesis and 
people's work of trying to replicate it in a lab. 

Photosynthesis 

Photosynthesis, in all plants and bacteria, is to its basics, a 
redox reaction between Carbon Dioxide and a hydrogen donor. 
In plants or other oxygen-emitting organisms, the donor is 
water, but in some other bacteria or algae, they can use other 
hydrogen donors as well, e.g. H 2 S, propan-2-ol, or H 2 itself. 
Also, through researching, we recognize that there are two 
stages to photosynthesis, the first one emits O 2 , known as light- 
dependent reactions, the other one synthesizes carbohydrates 
from CO 2 known as light-independent reactions. 
Photosynthesis requires visible light, as they are the major part 
of the spectrum which can penetrate the atmosphere and they 
have enough energy to power the synthesis of ATP, as one mol 
of photons in the range of visible light has about 170-300 kJ, 
and is about one magnitude larger than the energy needed to 
synthesize 1 mol ATP(30.7kJ/mol). 


A. Light-dependent reactions 

Light-dependent reactions are reactions that rely on light and 
produce the ATP and NADPH needed to power the synthesis 
of carbohydrates. 

a) Reaction centers of light-dependent reactions 

The reaction centers are a product of natural selection, and 
they have great efficiencies. In theory, the excited states of 
reaction center pigments can quickly decay to its ground state 
(in picoseconds). However, the reaction center's structure 
prevents this kind of energy loss from happening. The 
components in the reaction center are cofactors or subunits of 
the protein complex, rendering them are relatively still, so the 
electron transfer in the reaction center is very similar to 
electron transfers in solids, ensuring the electron transfer quick 
and efficient. Also, each time the electron is transferred, it is 
sent to a receptor with a much smaller electrode potential. 
These two factors ensure that the reaction is quick and 
irreversible. 

b) Reaction centers in anoxygenic photosynthesis 

There are two kinds of reaction centers in bacteria, and they 
are thought to be the precursors to the PSI and PSII in plants. 

Pheophytin-quinone reaction center 

Purple photosynthetic bacteria's photosynthesis apparatus 
consists of three basic modules: 1. a reaction center P870 and 
its antenna pigments; 2. cytochrome bcl electron transferring 
complex; 3. ATP synthase; while they are contributing to 
photosynthesis, the ATP synthase and the electron transfer 
complex is similar to the ones in mitochondria. For example, 
in Rhodopseudomonas Viridis, the reaction center is a large 
protein complex with 4 subunits(L, M, H, and cytochrome c) 
and 13 cofactors(2 Bchl (Bacterial Chlorophyll) and 1 Bpheo 
(Bacterial Pheophytin) on both L and M, Menaquinone in L 
and Ubiquinone in M, a Fe atom connected to L and M 
through coordination covalent bonds, and 4 Heme group 
contained in cytochrome c). The reaction center in P870, 
which consists of two Bchl molecules from M and L. The light 
first excites one of the pigments in the antenna pigments in the 
reaction center, then through exciton transfer, conveyed to 
P870, which consists of two Bchl, close enough that their 
electron bond overlaps. Also, the redox potential of P870 
(a.k.a. (Bchlb) is equal to the photon's energy, which then 
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makes the excited state of P870(a.k.a. P870* or (Bchl) 2 *) an 
excellent electron donor. Thus, it donates an electron to one of 
the nearest single Bchl(turning itself into a positive free 
radical (lich 1 )2 ), the latter then transfers the electron to 
Bpheo, changing Bpheo into a negative free radical Bpheo''. 
Then, with a proton in the cytoplasm, it transfers the one 
electron to the menaquinone, the latter than transfers it to the 
ubiquinone, making ubiquinone a free radical, of which 
repeats, turning ubiquinone to ubiquinol. ubiquinol is soluble 
in the fat layer in the membrane with the quinol pool and 
moves to the cytochrome bcl complex, then donates its 
hydrogen to the periplasm side, and releasing its electron to 
cytochrome c2 of which is soluble in the periplasm side, while 
also pumping two protons to the periplasm side, totaling in 4 
protons transferred, then the ubiquinone returns and continues 
the quinone cycle, similar to the one in the mitochondria. The 
aforementioned cytochrome c2 then moves to cytochrome c, 
passing its electron to cytochrome c, then the electron moves 
past the four Heme group, then returns to P870, changing 
P870 from a positive free radical to its ground state, ready to 
perform the process again. The pumped proton than forms a 
differential between two sides of the membrane, which is 
utilized by the ATP synthase (a.k.a FoFl ATPase) to 
synthesize ATP from ADP and Phosphoric acid. 

ii. Fe-S reaction center 

In green sulfur bacteria, there is also a reaction center like the 
purple bacteria with three parts, but there are also enzymatic 
reactions involved. The ATP synthesizing process is very 
similar to the Pheophytin-Quinone reaction center, but the 
electron is directly transferred to the Quinone cycle from the 
Excited Pigment (P840 in this case) instead of conveyed to a 
(Bacterial)Pheophytin first, then transported to the Quinone 
cycle. 

The main difference is that some of the excited electrons, 
rather contributing to the Quinone cycle, they go to Ferredoxin 
first, then get transported to Ferredoxin: NAD reductase, and 
contributes in NAD + reduction, resulting in the synthesis of 
NADH. However, this means that we are losing electrons 
instead of having them used as energy transfer tools, which 
renders that there is an electron source. The electron source, in 
green sulfur bacteria, is the oxidization of H 2 S to SO4 2 '. 

c) Reaction centers in oxygenic photosynthesis, 
i. Photosystem II, LHC II 

Higher plants, algae and cyanobacteria's PSII have over 20 
protein subunits, which is a lot more complex than 
photoautotroph bacteria like R.viridis. A kind of cyanobacteria 
(Thermosynechoccus elongatus)'s PSII structure is already 
known. 

T. elongatus's PSII is a homodimer. Each "monomer" has a 
relative molecule mass at 350,000, with 23 different protein 
subunits, the largest reaction center subunit pair (Dl, D2) and 
two chlorophyll-containing inner antenna subunits (CP43, 
CP47), containing 26 chlorophyll a, supporting Dl and D2. 


The chlorophyll pair here is P680(D1 and D2 each provide 1 
chlorophyll), and the energy it requires is transported from the 
chlorophylls in CP43 and CP47 through a chain of exciton 
transfer or resonating energy transfer. There are two other 
chlorophyll-a molecules in Dl and D2, one close to CP43(in 
Dl) or CP47(in D2), another sandwiched between P680 and 
the ones close to CP43/47 to act as a bridge to transfer the 
energy. After PSII is excited, it donates an electron to the 
Pheophytin in Dl, then the electron passes through the 
plastoquinone in D2, then finally get to the second 
plastoquinone in Dl with the help of a Fe atom. Now, the 
P680 is turned into P680 + , so to return to its ground state, it 
accepts an electron from the residue Tyrosine (Tyrl61 in Dl), 
and the electron in the Tyrosine residue is from the oxidation 
of water in the OEC (Oxygen-evolving Complex), which I 
will discuss in its section later. 1 

LHCII (Light-harvesting Complex II) is a trimer consisting of 
9 transmembrane a-helix, 21 chlorophyll a, 15 chlorophyll b, 
and two lutein. 

This acts as an antenna for caphiring photons and sending 
them to the reaction centers to power PSII and PSI. 

ii. Photosystem I, LHC I 

Also, T. elongatus's PSI structure is known, so it will be our 
subject of discussion here. Photosystem I is a large multi¬ 
subunit protein complex, embedded into the photosynthetic 
thylakoid membrane, and serves the purpose of reducing 
NADP + to NADPH. 

T. elongatus's PSI has 12 protein subunits and 127 cofactors. 
The 127 cofactors are 96 chlorophyll a, two phylloquinone 
(a.k.a. vitamin Kl), 3 Fe4S4 clusters, 22 carotenoids, and 4 
lipids. All essential cofactors to electron transport are inside 
these three polypeptides (PsaA, PsaB, PsaC). PsaA and PsaB 
made up the reaction center (a heterodimer), which seems to 
be a common structure for reaction centers of photosynthetic 
organisms. PsaC is connected to PsaA and PsaB in the stroma 
side, and it has 2 Fe4S4 clusters (FeSA and FeSB) and also 
interacts with PsaD and form a docking site for Ferrodoxin 
protein. The electron transfer chain consists of 3 pairs of 
chlorophyll molecules: P700(a Chlorophyll a and an epimer of 
Chlorophyll-a) and two more pairs of chlorophyll pairs (the 
closer one to the quinone receptors we call A0 for 
convenience) for transporting electrons to the quinone 
receptors Al, the latter than donates its electrons to the Fe4S4 
cluster between PsaA and PsaB. The process starts from P700 
recepts energy from its antenna pigments and became its 
excited form P700*, which has a very negative reduction 
potential, then, almost simultaneously, the electron gets 
transferred and forms P700 + and A0", then the electrons from 
A0" get quickly sent to Al, then FeSA, FeSB, reaches the 
Ferrodoxin docked on PsaD and PsaC, then finally gets to 
Flavoprotein(Fp). Then, the plastocyanin docked on PsaF from 
cytochrome, carrying the electron we talked about before from 
PSII, donates this electron to P700 + (or cytochrome c6 in 
cyanobacteria), reducing it to its ground state P700, and 
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finishes the cycle. The process then cycles again, providing 
the two electrons to Fp in total, then utilizing protons in 
solution in the stroma, NADP + is reduced to NADPH. 2 

LHCI(Light-harvesting complex I), is coupled with PSI in 
higher plants, to achieve better efficiency, also utilizing STN7 
serine-threonine kinase and Phosphylzation of Lhcbl and 
Lhcb2 subunits of LFICII (when there are more Plastidone 
synthesized by PSII than PSI can handle, a.k.a. strong light 
conditions) and a constitutively active TAP38/PPH1 
phosphatase to dephosphorylate Lhcbl and Lhcb2(when there 
are more Plastidone Oxidized by PSI than PSII can synthesize, 
a.k.a. low light conditions), plants can allocate the required 
amount of energy to PSII and PSI, to achieve higher efficiency 
of photosynthesis. 3 

iii. Relations and Interactions beh\>een 
Photosystem II and I 

In oxygen-emitting plants, energy absorbed by P680 and P700 
encourages electron to flow from water to NADP + , creating a 
redox reaction. 

From our discussion about PSII and PSI above, we can see 
that the two reaction centers are working in series. PSII is 
responsible for oxidizing water to provide electrons through 
the electron transport chain to PSI, meanwhile powering 
proton pumping by cytochrome b6f and in turn powering ATP 
synthesis. When the electron arrived at PSI, it will participate 
in the reduction of NADP + , providing the reducing agent 
needed to reduce carbon dioxide in the Calvin-Benson cycle. 
The one-electron carrier between them is plastocyanin or 
cytochrome c6 in cyanobacteria, which is similar to 
cytochrome c in mitochondria. 

Also, PSII and PSI are separated, as when they are close 
together, the exciton from PSII antenna pigments can transfer 
to PSI reaction center, causing PSII to excite less, and less 
electron to transfer between the two photosystems, and there 
will be insufficient proton to power the ATP synthase, as 
cytochrome b6f is less frequently used. 

iv. Cytochrome b6f complex 

Cytochrome b6f complex (a.k.a. Plastidone-Plastocyanin 
oxidoreductase) is a protein complex part of the electron 
transfer chain between PSI and PSII, and also a proton pump 
to pump protons from the stroma side to the thylakoid lumen 
side. It is quite similar to the complex III in mitochondria, 
made up of a cytochrome b6(which in turn includes 2 Heme 
groups bH and bL, and a Hemoglobin molecule X), an IV 
subunit, a Rieske iron-sulfur protein, and a cytochrome 
c552(a.k.a. cytochrome f). The electron transfer here starts 
from the two Plastidones from PSII, of which donates its four 
electrons to bL and Rieske iron-sulfur protein(2 electrons 
each), the former donates its electrons to bH, then back to the 
Plastoquinone loop, the latter conveys its electrons to 
Cytochrome c552(a.k.a. cytochrome f)(also pumping the 4 
protons from the two Plastidones), and at last, lands on 


Plastocyanin and is ready to be transported to PSI, and reduce 
P700+ to P700. 4 

v. Water oxidation of OEC 

As we discussed before, the electron given to NADP+'s origin 
is water. The two water molecules are oxidized into 4 
electrons, 4 protons and a molecule of oxygen. However, from 
a previous paragraph, we already know that P680+ only needs 
an electron to return to its ground state P680. So, through 
natural selection, an ingenious cluster formed in the Oxygen- 
evolving Complex, OEC, which can donate the electrons to 
P680 one by one. To refresh, the electron is transported to 
P680+ by a Tyrosine residue, and in this process, the residue 
turned into a free radical and loses a proton and an electron. 
The Tyr free radical then gets its proton and electron back 
from oxidizing the CaMn405 cluster, which is the ingenious 
cluster that I mentioned before. The four Mn and one Ca atom 
are all bridged by 5 Oxygen atoms, forming a chair-like 
structure, and there is another Cl- as a ligand to form a 
coordinate covalent bond with the Ca atom. The cluster The 
process of donating an electron to the Tyr radical repeats four 
times, giving the CaMn405 cluster a +4 charge, and in this 
state, the cluster can accept four electrons from two water 
molecules, and split them to protons and an oxygen molecule. 
The protons are then released to the thylakoid lumen. The 
exact mechanism of CaMn405 cluster oxidizing oxygen is 
unknown yet. 4 

B. Light-independent reactions 

a) Rubisco (ribulose-1, 5biphosphate 
carboxylase/oxygenase) 

From its name, we know that rubisco can catalyze the reaction 
between C02 and ribulose-1,5-biphosphate (The start of the 
Calvin-Benson cycle), but it can also catalyze the reaction 
between Oxygen and ribulose-1,5-biphosphate. There are four 
kinds of rubisco in nature, rubisco I, II, III, IV. Rubisco I is 
present in plants, algae, and most cyanobacteria, while 
Rubisco II is only found in some cyanobacteria. Rubisco I is a 
heteromultimer(a8p8/S8L8), made up of 8 identical large 
subunits and 8 identical small subunits. The large subunits are 
the catalytic units of the enzyme, and the small subunits' 
function is currently unknown yet, but without the small 
subunits, the enzyme only functions at about 1% efficiency, so 
the current guess is that the small subunits somehow stabilize 
the S8L8 structure and increase the enzyme's efficiency. 

Rubisco exists in three forms: 

1) Inactive form (a.k.a. E form); 

2) Inactive form but is carbamylated (a.k.a. EC form); 

3) Active form with carbamylation and have Mg2+ in the 
reaction center (a.k.a. ECM form). 
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The inactive form of mbisco first undergoes the reaction 
between Lys 201e-NH2 and C02 to form the EC form, then a 
Mg2+ ion is combined to form the ECM form. 

However, ribulose- 1,5-phosphate (RuBP) can couple with the 
E form of mbisco and stop the activation process from 
happening. However, there is a mbisco activase, which can 
release RuBP from the E form of mbisco and activates it. 

Also, note that the activation of mbisco is powered by light. 
The ECM form of mbisco can be inhibited by some 
carbohydrates like l-phosphate-2-carboxy-arabitol or 1,5- 
bisphosphate xylulose, which are similar to the 6C 
intermediate that forms when RuBP reacts with C02. These 
inhibitors accumulate throughout the night and are relieved in 
the morning to let mbisco to be reactivated again. 

b) C3 process of carbon fixation 

The C3 process of carbon fixation, which is called the Calvin- 
Benson cycle, is shown as these processes below: 5 

1) With the help of mbisco, 6 ribulose-1,5-phosphate can 
react with 6 C02 to form 12 3-phosphate glyceric acid. 

2) Catalyzed by Phosphoglycerate kinase, the 12 3- 
phosphate glyceric acids can be phosphorized to 12 1,3- 
phosphoglycerate phosphates, while turning 12 ATP to 
12ADP. 

3) With 3-phosphateglyceraldehyde dehydrogenase, the 12 

4) 1,3-phosphoglycerate phosphatecerates are reduced to 12 

5) 3-phosphateglyceraldehyde. 

6) 5 of the 12 3-phosphateglyceraldehyde are turning into 5 
Dihydroxyacetone by Triosephosphate isomerase. 

7) Then, 3 of the 5 Dihydroxyacetone reacts with 3 3- 
phosphateglyceraldehyde, catalyzed by an aldolase, 
forms 3 1,6-diphosphate fructose. 

8) The 3 1,6-diphosphate fructose are dephosphated by the 
Fructose diphosphate phosphatase to form 3 6- 
phosphofmctose. 

9) Then, one of the 6-phosphofmctose is changed to 6- 
phosphoglucose by a Phosphoglucose isomerase. 

10) The 6-phosphoglucose is further dephosphated by a 6- 
phosphoglucose phosphatase, and finally, we get a 
molecule of glucose. 

11) Also, the 2 6-phosphofmctose left is reacted with 2 of the 
12 3-phosphateglyceraldehyde, assisted by glyoxalase, 
forms 2 5-phosphoxylulose and 2 4-phosphoenythrose. 


12) With the help of an aldolase, the 2 4-phosphoenythrose is 
then reacted with the leftover 2 Dihydroxyacetone and 
forms 2 Sedum heptulose 1,7-diphosphate. 

13) The 2 Sedum heptulose 1,7-diphosphate are then 
dephosphated by a sedoheptulose diphosphate 
phosphatase to form 2 Sedum heptulose 7-phosphate. 

14) Then, with the last 2 3-phosphateglyceraldehyde, 
catalyzed by glyoxalase, the 2 Sedum heptulose 7- 
phosphate reacts to form 2 5-phosphoxylulose and 2 5- 
phosphoribose. 

15) With 2 5-phosphoxylulose that we got from process 9, 
totaling in 4 5-phosphoxylulose, the 4 molecules are then 
isomerized, to form 4 5-phosphoribulose by a Pentose 
phosphate epimerase. 

16) The 2 5-phosphoribose are also catalyzed by a Pentose 
phosphate isomerase to form another 2 5- 
phosphoribulose. 

17) The 6 5-phosphoribulose are finally phosphated by a 
Phosphoribosylkinase, to form the 6 ribulose-1,5- 
phosphate that we started with while turning 6 ATP to 6 
ADP, and the cycle finishes. 

c) Photorespiration and the glycolate pathway 

Photorespiration is a side reaction that occurs in plants, as 
mbisco can also catalyze the reaction between oxygen and 
ribulose-1,5-phosphate. This process creates a molecule di¬ 
phosphate glyceric acid and a molecule of phosphoglycolic 
acid. The latter product is useless, and through the glycolate 
pathway, plants can recover some of the carbon that is wasted 
albeit somewhat expensive. The process goes as follows: 

The phosphoglycolic acid is dephosphated to glycolic acid, 
then it exits the chloroplast and enters peroxisome. In 
peroxisome, the glycolic acid is then oxidized to glyoxylic 
acid, while reducing a molecule of oxygen to a molecule of 
hydrogen peroxide, which is then broken down by some 
peroxidase. The glyoxylic acid is then turned into glycine by a 
process called transamination, the process repeats to form the 
two molecules of glycine needed to proform the next step. 

The two molecules of glycine are then transferred to 
mitochondria, and one glycine is oxidized, to C02, NH3, 
while reducing an NAD+ to an NADH and the other carbon 
atom transferred to a tetrahydrofolate. The carbon on the 
tetrahydrofolate is then transported to the other glycine, 
forming a molecule of serine. The molecule of serine then 
enters the peroxisome, and through the process of 
transamination, it donates the amino group to another 
glyoxylic acid, and become a molecule of hydroxypymvate. 
Then, it is reduced by the NADH it produced before and forms 
a molecule of glyceric acid. Then the molecule of glyceric 
acid utilizes a molecule of ATP to phosphorylate itself and 
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forms a molecule of 3-phosphoglyceric acid, and returns to the 
Calvin-Benson cycle. 5 

In the process of salvaging the phosphoglycolic acid, a C02 
that is absorbed before is released, and this happens a lot in 
bright light conditions, reducing the efficiency of the C3 
carbon fixation cycle greatly. 

d) Carbon fixation of C4 plants 

As we mentioned before, the efficiency of C3 plants is not so 
good because of photorespiration, so through evolution, some 
plants (less than 1% of all plants) developed a method of 
overcoming this problem by performing the Calvin-Benson 
cycle in an environment with less oxygen. 

Instead of directly using carbon dioxide to synthesize 
carbohydrates, the C4 process first absorbs C02 from the 
surface of the leaf and is used to carboxylate 
phosphoenolpyruvate (a.k.a. PEP) by a phosphoenolpyruvate 
carboxylase in the mesophyll cell, to form a molecule of 
oxaloacetate. The molecule of oxaloacetate is then reduced by 
malate dehydrogenase and a molecule of NADPH, to form a 
molecule of malic acid. The malic acid is then transferred to a 
deeper vascular bundle sheath cell. 

In the vascular bundle sheath cell, the malic acid is then 
oxidized to form a molecule of pyruvate, while reducing the 
NADP+ that it created in the Mesophyll cell and releasing a 
molecule of carbon dioxide. The molecule of carbon dioxide 
then participates in the Calvin-Benson cycle to be turned into 
glucose. In the vascular bundle sheath cell, the gases that get 
to here is lower compared to the mesophyll cells, so there is 
less chance of photorespiration happening. The Pyruvate then 
returns to the mesophyll cell and is then phosphorized in a 
phosphopyruvate dikinase to form PEP again. This step is 
performed in two stages. The ATP first donates its two 
phosphate groups to the enzyme and a molecule of phosphoric 
acid (turning ATP into AMP), then the enzyme couples with 
the pyruvate to react and form the desired 
phosphoenolpyruvate. 

e) Carbon fixation of CAM (crassulacean acid 
metabolism) plants 

Another problem for plants in arid areas is the lack of water. 
In these places, plants need to conserve water as much as 
possible, so they developed a way to overcome this problem, 
and the process is very similar to the C4 process. Because the 
stomata cannot open during the day (a lot of water will 
evaporate because of the dry air and hot temperature), the 
stomata open at night and the plant starts to temporarily store 
the C02 in their cells, in a form of malic acid, similar to the one 
in the C4 process. The malic acid is then stored in vacuoles in 
the cells until the next day. When the sun rises, the malic acid 
is released and increases the C02 content in the plant cells, and 
with the ATP and NADPH produced in the light-dependent 
reactions, the C02 is turned into glucose. Also, because the 
stomata are closed during the day, it can solve the problem of 


Photorespiration to an extent. 

Current works on artificial photosynthesis 

The current major works on artificial photosynthesis are to 
produce solar fuels, like Hydrogen, to provide a clean energy 
source. There isn't much information on synthesizing organic 
chemicals through artificial photosynthesis though. 6 

Through the discussions that we had about natural 
photosynthesis before, and following the blueprint, lots of 
scientists had done good work on artificial photosynthesis, and 
while there is little progress on artificial photosynthesis of 
organic compounds, there is plenty on generating Hydrogen. A 
common pathway of mimicking the process of natural 
photosynthesis is having a triad of porphyrin and two other 
molecules, which can accept holes or electrons, to quickly 
separate the charge and ensuring quantum efficiency. This is 
done in a single redox step, and it reduces energy loss but has a 
deficiency of not able to utilize multiple photon's energy in 
series. There is also another variant of this, which is an 
electrochemical cell, which oxidizes water on one side, 
releasing 02 and protons, and the other side, separated with a 
proton exchange membrane, reduces protons to hydrogen gas. 7 
The other way of doing this is through multiple excitation steps, 
like what PSII and PSI did in plants. Although this will waste 
lots of energy, it can utilize more photons and lower energy 
photons, which is more abundant, as they pass through the 
atmosphere easier. In these processes, the oxygen evolution 
catalyst is separated from the hydrogen evolution catalyst, and 
there are also oxidized form of the electrolyte and reduced form 
of the electrolyte to bridge these two catalysts. One example is 
from Gratzel 8 , who proposed the usage of the tandem cell 
configuration, which is similar to the cell one, but with two 
steps, linked by a redox reaction. 

Conclusion 

Up to now, the research of artificial photosynthesis is still 
working to achieve a higher efficiency, and if that works and is 
brought into our lives, we can have a clean source of fuel, which 
can replace the fossil fuels, and maybe be the new clean fuel 
source type that we will use in the future, or the source of our 
foods if more research about artificial photosynthesis on 
organic compound synthesis is done. 
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